
REVIEW

Improvements in recanalization with modern stroke
therapy: a review of prospective ischemic stroke
trials during the last two decades
Kyle M Fargen,1 Philip M Meyers,2 Pooja Khatri,3 J Mocco4

1Department of Neurosurgery,
University of Florida,
Gainesville, Florida, USA
2Department of Neurological
Surgery, Columbia University,
New York, New York, USA
3Department of Neurology,
University of Cincinnati,
Cincinnati, Ohio, USA
4Department of Neurosurgery,
Vanderbilt University, Nashville,
Tennessee, USA

Correspondence to
Dr Kyle M Fargen, Department
of Neurosurgery, University of
Florida, Box 100265,
Gainesville, FL 32610, USA;
Kyle.fargen@neurosurgery.ufl.
edu

Received 10 September 2012
Revised 10 September 2012
Accepted 17 September 2012
Published Online First
6 October 2012

To cite: Fargen KM,
Meyers PM, Khatri P, et al.
J NeuroIntervent Surg
2013;5:506–511.

ABSTRACT
Introduction A number of recent trials evaluating
intra-arterial therapies for acute ischemic stroke have
been completed. We present a review of prospective
acute ischemic stroke trials reported in a peer-reviewed
forum during the last 20 years to provide insight into the
general direction of this rapidly evolving field.
Methods Prospective trials evaluating acute stroke
intra-arterial therapies since 1999 were included, with
the National Institute of Neurological Disorders and
Stroke rtPA trial published in 1995 as a baseline
comparator. Patient presenting factors and outcome data
were analyzed based on year of publication and best-fit
lines and linear regression analyses were generated.
Results Thirteen prospective trials were included.
Regression analyses demonstrated no appreciable change
in the median NIH Stroke Scale score of subjects at the
time of enrollment since 1995 (p=0.44) and no
appreciable improvements in good outcome based on a
modified Rankin score of 0–2 at 90 days (p=0.66) or
mortality at 90 days (p=0.55). A significant increase in
time from onset of symptoms to treatment among
enrolled patients was noted from 1995 to 2012
(p=0.03). In addition, a significant improvement in
recanalization/reperfusion was noted over the last two
decades (p=0.02).
Conclusions This review of prospective acute ischemic
stroke trials since 1999 indicates a substantial
improvement in revascularization in the setting of a
significant increase in time to therapy onset, but no
appreciable change in good functional outcome.

INTRODUCTION
The treatment of acute ischemic stroke has evolved
over the last two decades in concert with improve-
ments in imaging techniques, preventive therapies
and intravascular treatments. However, stroke
remains the fourth leading cause of death in the
USA (Centers for Disease Control, unpublished
data, 2012) and, unfortunately, acute stroke inter-
vention remains significantly underutilized.1 The
modern treatment paradigm for acute ischemic
stroke originates from several large randomized
trials evaluating intravenous tissue plasminogen
activator (tPA) on stroke outcome measures in the
1990s.2 3 While other treatment modalities have
been evaluated in rigorous prospective studies since
that time, intravenous tPA remains the only Food
and Drug Administration (FDA)-approved therapy
for acute ischemic stroke with class 1 evidence sup-
porting its use.

In May 2012 the Interventional Management of
Stroke (IMS) III trial,4 one of five worldwide ran-
domized trials comparing intra-arterial plus intra-
venous therapies versus intravenous tPA alone,
halted enrollment due to futility. There are four
randomized trials evaluating combined intravenous/
intra-arterial stroke intervention still underway
across the world, including the THERAPY trial in
the USA and three European trials (PISTE, MR
CLEAN and THRACE), but these results will not
be known for several years. The absence of benefit
of intra-arterial intervention over intravenous rtPA
seen in the IMS III trial is particularly disappoint-
ing to the stroke community, especially given recent
improvements in imaging, thrombectomy devices
and, presumably, outcomes after stroke treatment
with cutting edge intra-arterial therapies. We
present a review of prospective acute ischemic
stroke trials performed during the last 20 years and
reported in a peer-reviewed forum (publication or
formal presentation at national meeting with peer
review screening) to provide insight into the
general direction of this rapidly evolving field. This
analysis is intended to serve as a review of general
trends in commonly reported stroke outcome mea-
sures over the last two decades and is not intended
to represent a rigorous comparison of different
trials to generate robust observations regarding
treatment and outcome.

METHODS
Prospective trials evaluating acute stroke
intra-arterial therapies since 1999 were included,
with the National Institute of Neurological
Disorders and Stroke (NINDS) rtPA trial2 used as a
baseline comparator. Median National Institute of
Health Stroke Scale (NIHSS) at time of presenta-
tion was recorded for each trial. If a median
NIHSS was not reported, mean NIHSS was used as
a surrogate. Time to treatment was defined as the
time from the onset of stroke symptoms until the
administration of intravenous tPA for the NINDS
trial and until time of groin puncture for all other
trials. Outcome data, including revascularization
status at the end of the procedure, modified Rankin
score (mRS) at 90 days, mortality at 90 days and
incidence of symptomatic and total hemorrhagic
complications were evaluated. Good outcome was
defined as a mRS of 0–2 at 90 days.
Revascularization is reported based upon the
Thrombolysis in Cerebral Ischemia (TICI) reperfu-
sion scale; if TICI is not reported, Thrombolysis in
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Myocardial Ischemia (TIMI) is used as a surrogate.5 Core
laboratory adjudication was used in eight of the 13 trials. The
rate of intracranial hemorrhage (ICH) and symptomatic ICH
were recorded as defined and reported by each individual study.
The SARIS trial reported its short-term6 and mid-term7 results
in different publications 2 years apart; for analysis purposes, the
SARIS results are presented as a single trial completed in 2011.
The START8 and TREVO9 trials have yet to be published at the
time of writing, but peer-reviewed preliminary results have been
presented at national stroke meetings.

Best-fit lines and linear regression analyses were performed
using SPSS statistical software. Furthermore, studies were divided

into three temporal strata (NINDS, 1999–2008 and 2009–2012)
for analysis of presentation and outcome data by ANOVA.

RESULTS
Thirteen prospective trials from 1995 to 2012, including 11
published studies6–7 10–18 and two recent unpublished prospect-
ive studies presented at national stroke conferences, were
included. Table 1 shows enrollment criteria, treatment arms,
median NIHSS and mean time from onset of symptoms to treat-
ment. Outcome data are reported in table 2. Figures 1–10
depict the change in patient presenting factors and outcomes
over the last two decades with their associated best-fit lines and

Table 1 Prospective stroke trials and their criteria for enrollment and patient characteristics

Trial Criteria Treatment arms n
Mean or
median NIHSS

Mean hours from
onset to treatment

NINDS,* 19952 All ischemic strokes <3 h IV tPA 312 14.0 1.5*
Placebo 312 14.5 1.6*

PROACT II, 199911 MCA occlusion, NIHSS≥4, <6 h IA prourokinase + IV heparin 180 17.0 4.7
IMS I, 200410 Arterial occlusion, NIHSS≥10, <3 h IV tPA + IA tPA 80 18.0 2.3
MERCI, 200514 Large vessel occlusion, NIHSS≥8, <8 h Mechanical thrombectomy 151 20.1 4.3
IMS II, 200712 Arterial occlusion, NIHSS≥10, <3 h IV tPA, IA tPA and ultrasound 81 19.0 2.4
Multi-MERCI, 200813 Large vessel occlusion, NIHSS≥8, <8 h Mechanical thrombectomy 164 19.0 NR
Penumbra, 200915 Large vessel occlusion, NIHSS≥8, <8 h Mechanical thrombectomy 125 17.6 4.3
RECOST, 201116 Large vessel occlusion, <6 h anterior circulation, <24 h posterior Solitaire stent thrombectomy 50 14.7 5.6†
SARIS, 2009,6 20117 Arterial occlusion, NIHSS≥8, <8 h, no response to IV tPA Wingspan stent thrombectomy 20 14.0 5.2
SWIFT, 201217 19 Large vessel occlusion, NIHSS 8–29, <8 h, no response to IV tPA Solitaire stent thrombectomy 113 17.3 4.9
START, 20128 Large vessel occlusion, NIHSS >10, <8 h Mechanical thrombectomy 77 19.4 4.2
TREVO, 20129 Large vessel occlusion, NIHSS 8–30, <8 h TREVO stent thrombectomy 60 18.0 3.5
TREVO 2, 201218 20 Large vessel occlusion, NIHSS 8–30, <8 h TREVO stent thrombectomy 88 19.0 4.7

Time of treatment is defined as time of tPA administration in NINDS or time of groin puncture in all other studies. Data from SWIFT and TREVO 2 are from conference presentations.
*Calculated based upon number of patients in the 0–90 and 90–180 min stratum of the combined results.
†Summation of time to presentation, presentation to imaging, time required for imaging and time from imaging to groin puncture.
IA, intra-arterial; IV, intravenous; MCA, middle cerebral artery; NIHSS, NIS Stroke Scale; NR, not reported; tPA, tissue plasminogen activator.

Table 2 Outcome data from the prospective stroke trials

Trial
TICI/TIMI 2 or 3
revascularization

Good outcome (mRS 0–2) at 90 days
(%)

Mortality at 90 days
(%)

Hemorrhage (symptomatic,
total)

NINDS,* 19952 NR 43 17 6%, 11%
NR 27 21 1%, 4%

PROACT II, 199911 66%‡ 40 25 10%, 35%
IMS I, 200410 56% 43 16 6%, 49%
MERCI, 200514 46% 28 44 8%, 28%
IMS II, 200712 73% ‡ 46 16 10%, 42%
Multi-MERCI,
200813

55% 36 34 10%, 31%

Penumbra, 200915 82% ‡ 25 33 11%, 28%
RECOST, 201116 88% 54 12 2%, 14%
SARIS, 2009,6 20117 100%‡ 55† 35† 5%, 10%
SWIFT, 201217 19 80%‡ 36 17 2%, NR

START, 20128 86%‡ 48 29 5%, 19%
TREVO, 20129 92%‡ 55 22 5%, NR
TREVO 2, 201218 20 86%‡ 40 33 7%, NR

Data from TREVO 2 and SWIFT are from conference presentations.
*Combined results of all patients treated between 0 and 180 min.
†Outcome and mortality data provided is at 180 days.
‡Indicates use of a core laboratory for determining TICI/TIMI revascularization.
mRS, modified Rankin scale; NR, not reported; TICI, Thrombolysis in Cerebral Ischemia; TIMI, Thrombolysis in Myocardial Ischemia.
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p values, as well as these same variables in bar graph format,
based upon temporal strata, with 95% confidence interval error
bars and ANOVA p value results.

DISCUSSION
Since 1995 the percentage of patients achieving TICI/TIMI 2 or
3 revascularization has increased substantially, with a strong stat-
istically significant upward slope. The most recent prospective
studies have demonstrated revascularization rates approximating
85%, while those a decade earlier demonstrated rates near 50%.
This dramatic improvement appears to be secondary to
improvements in intra-arterial techniques and devices designed
to rapidly lyse or mechanically remove the offending thrombus.
This success is despite an increase in the time from onset to
treatment, and with stable stroke severity according to NIHSS,
for patients undergoing intra-arterial intervention. Intravenous
tPA, the only FDA-approved treatment with class 1 evidence,

was approved based upon a mean time from symptom onset to
treatment of 90 min, a time window substantially shorter than
any of the intra-arterial trials that have followed. Later studies
evaluating the benefit of intravenous tPA have demonstrated an
inherent time limitation of 4.5 h after symptom onset.3 21

Furthermore, the limitations of systemic intravenous tPA in
thrombolysis of long22 or dense23 thrombus have been reported
and are probably present to some degree with intra-arterial
administration of this medication.22 Newer generation thromb-
ectomy devices, which can be navigated directly to the site of
occlusion to physically disrupt, remove or aspirate the throm-
bus, are able to quickly recanalize occluded vessels and allow
for restoration of perfusion. The Penumbra System (Penumbra;
Alameda, California, USA) and Solitaire stent (ev3; Irvine,
California, USA) represent two such devices that have shown
excellent revascularization results (80–90%) in recent published
studies15–17 and recent presentations.20 In addition, these
devices have demonstrated encouraging safety results in single-

Figure 1 Scatterplot and best-fit line demonstrating no appreciable
change in the mean or median NIH Stroke Scale (NIHSS) of subjects at
time of enrollment since 1995 (p=0.44).

Figure 2 Bar graph demonstrating a lower median NIH Stroke Scale
(NIHSS) of subjects at time of enrollment in the NINDS trial than more
recent studies, but no change from 1999–2008 to 2009–2012
(p=0.17).

Figure 3 Scatterplot and best-fit line demonstrating an increase in
time from onset of symptoms to treatment among enrolled patients.
The slope of the line is statistically different from zero (p=0.03).

Figure 4 Bar graph demonstrating an increase in mean time from
onset of symptoms to treatment among enrolled patients over the last
two decades (p=0.01).
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arm studies when used beyond the 4.5 h time window10 12–13 15

and appear to harbor only slightly higher hemorrhage rates than
intravenous tPA. The refinement of neurointerventional stroke
devices and techniques is probably the major reason for the dra-
matic improvement in revascularization seen in acute stroke
studies over the last 20 years.

Interestingly, however, improvements in clinical outcomes
have not followed. Our analysis demonstrates a non-significant
subtle upward slope of the best-fit line over the last 20 years
with regard to good outcome. This lack of a corresponding clin-
ical improvement is probably multifactorial, reflecting an
increasing time from stroke onset to treatment and continued
difficulties in identifying those patients who are likely to benefit
from intervention. The observation that recanalization is not
always a good surrogate marker for outcome has been indicated
previously: several studies have demonstrated a strong relation-
ship between time to revascularization and good outcome at 90

days, with delayed recanalization associated with poorer out-
comes.10 12 15 24 25 It is interesting to note that the time to reca-
nalization has also significantly, and dramatically, increased over
the time course of this analysis, and therefore it may be that
simply holding outcomes constant represents relative progress
and success that can be achieved with faster treatments. These
factors highlight the importance of randomized clinical trials. It
may be that physiologic imaging, which has become a critical
component of the patient selection process for many high
volume stroke centers, will aid efforts to better identify appro-
priate patients. However, the data to support such a supposition
are by no means conclusive; it remains possible that imaging
selection primarily introduces treatment delays which lead to
worse outcomes. Interestingly, only one of the reviewed studies
(SARIS) used physiologic imaging (CT perfusion in this case)
for all enrolled patients6 7 and, although a very small study,
SARIS demonstrated the best clinical outcome rate of the studies
evaluated.

Figure 5 Scatterplot and best-fit line depicting improvement in
recanalization/reperfusion over the last two decades. The line slope is
significantly different from zero (p=0.02). TICI, Thrombolysis in Cerebral
Ischemia; TIMI, Thrombolysis in Myocardial Ischemia.

Figure 6 Bar graph demonstrating a significant improvement in mean
recanalization/reperfusion from 1999–2008 to 2009–2012 (p=0.01).
TICI, Thrombolysis in Cerebral Ischemia; TIMI, Thrombolysis in
Myocardial Ischemia.

Figure 7 Scatterplot and best-fit line depicting no appreciable change
in good outcomes at 90 days since 1995 (p=0.66). mRS, modified
Rankin scale.

Figure 8 Bar graph depicting no appreciable change in good
outcomes at 90 days since 1995 (p=0.75).
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The recent suspension of IMS III due to futility to show a
clinical benefit comes at a time when there are significant chal-
lenges facing the investigators of large randomized trials.
Concern has been generated regarding full reimbursement for
use of stroke devices by the Center for Medicare and Medicaid
Services (CMS) even though no class 1 data exist to support
their use, as this may be limiting enrollment into randomized
trials investigating these devices.26 27 The IMS III trial was
halted after enrolling 656 of the designated 900 patients follow-
ing 6 years of enrollment. The halting of IMS III appropriately
raises serious concerns about the value of intra-arterial therapy
as it was a well-designed prospective randomized trial.
Unfortunately, the data from IMS have yet to be made available.
Doubtless the information gleaned from this landmark trial will
provide crucial information to the stroke community regarding
the future of intra-arterial stroke therapy.

It should be emphasized that this analysis of recent prospect-
ive stroke trials has significant limitations inherent to its design.
The trials that are compared have different criteria for enroll-
ment, involve different treatment modalities, use different scales

to assess revascularization success28 and, in one instance,
measure good outcome at a different time. Specifically, only
mRS 0–2 at 180 days7 instead of mRS of 0–2 at 90 days was
available for one study. In addition, data from two trials
(TREVO, START) are based on presentations at national meet-
ings and have yet to be published as manuscripts. It is possible
that the future publications of these trials will reveal different
results from those indicated by the preliminary analyses. A statis-
tical analysis of this manner on studies of different populations
with different enrollment criteria is clearly inherently flawed.
Furthermore, the calculations performed to generate the best-fit
line and determine slope significance also lack validity given the
nature of the data used to generate the fit line. In addition, we
have assumed a linear best-fit in the analysis of each variable.
Thus, it must be stated that this analysis is not intended to be a
rigorous comparison of different trials to generate robust obser-
vations regarding treatment and outcome, but instead as a
review to depict the general trends in commonly reported out-
comes over the last two decades and to generate context as we
consider detailed results and secondary analyses of the IMS III
trial.

CONCLUSIONS
This review of prospective acute ischemic stroke trial results
since 1999 indicates a substantial improvement in revasculariza-
tion. However, in the setting of a significant increase in time to
treatment onset, no appreciable change in good functional
outcome was identified. While the results presented here indi-
cate exciting progress in treatment of acute stroke over the last
two decades, it is evident that there is much work to be done in
translating improved recanalization to improved patient func-
tional outcomes.
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